Human exposure to polychlorinated dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs) and polychlorinated biphenyls (PCBs) occurs predominantly via food intake.
represent a class of widely distributed environmental contaminants which exhibit a potential risk for human health. Dioxins are mainly by-products of industrial processes, being waste incineration, especially if combustion is incomplete, the largest contributor of dioxin release into the environment. But dioxins can also result from natural processes like volcanic eruptions and forest fires (SCF, 2001; Baars et al. 2004 ). Unlike dioxins, PCB mixtures were commercially produced for about five decades for its use in a wide scale of applications such as electronic appliances, heat transfer systems, hydraulic fluids and many other different industrial purposes (Baars et al. 2004; EFSA, 2005) . Although PCB production was banned in industrialized countries in the 1970s, residues can still enter the environment due to their lipophilic nature, persistence and ample use in the past.
Previous reports have revealed that dietary intake is the main route (> 90%) for non-occupational human exposure to these toxicants; foods of animal origin usually being the main contributors of the total intake (Baars et al. 2004; EFSA, 2005) . In many countries concentrations of PCDD/Fs and PCBs have regularly been monitored in a great variety of food matrices. Available data indicate a reduction in the past decades exposures and body burden are lower now than years before (Llobet et al. 2008 ). Yet, despite these extensive efforts, foods are still contaminated (Fernández et al., 2004; EFSA, 2005; Gómara et al., 2005; Bordajandi et al., 2006; Bocio et al. 2007; Llobet et al. 2008) .
Like adults, children's primary source of exposure to these contaminants is food.
Exposure assessments of PCDD/Fs and PCBs for the general population have been made in several industrialized countries but most of them have no consideration of young children (Lázaro et al. 2002; Tard et al. 2007) , although many studies have also been made for breast-fed infants (Focant et al. 2002; Hsu et al. 2007; Szyrwińska and Lulek, 2007) . This is probably due to the fact that as these compounds accumulate in fatty tissues, breast milk has been one of the preferred matrices to evaluate human background contamination. Additionally, there has been a particular concern in recent years about the characterization of breast-fed exposure to these substances and the associated potential health risk.
Infant formulae are an alternative to human milk which is recommended for infants who are not breast-fed or during the weaning period and they can play an important role in the infant diet. However, only a few reports are available on the PCDD/Fs and PCB levels in infant formulae, usually showing low concentrations of these pollutants (Ramos et al. 1998; FSA UK, 2004; Hsu et al. 2007 ).
Related to the daily PCDD/Fs intake, World Health Organization (WHO) recommended in 1998 a tolerable daily intake (TDI) of PCDD/F in a range of 1 to 4 pg WHO-TEQ kg -1 b.w.day -1 (WHO, 1998 (EC, 2006) . For non-dioxin like PCBs neither a tolerable daily intake nor a maximum limit in feed and food have been established for these compounds in the European Union, which is why some countries have established reference values that can be used in order to evaluate food contamination or human exposure to these compounds.
Current PCDD/Fs exposure of breast-fed infants is about 13 pg WHO-TEQ kg -1 b.w. day -1 for one year old children in Taiwan (Hsu et al. 2007 ), 51 pg WHO-TEQ kg -1 b.w. day -1 in Portugal (Reis et al. 2002) or 76 pg WHO-TEQ kg -1 b.w. day -1 in Belgium (Focant et al. 2002) . Mean exposure to the seven indicator PCBs has been calculated between 364 and 375 ng kg -1 b.w. day -1 for first and second breast-fed infants in Poland, respectively (Szyrwińska and Lulek, 2007) , and 1249 ng kg -1 b.w. day -1 in the European Union (EFSA, 2005) . There are few surveys which have studied the exposure of non breast-fed children to these pollutants revealing PCDD/Fs intake levels of 2.1 pg WHO-TEQ kg -1 b.w. day -1 in one year old children (Hsu et al. 2007) or varying between < 0.01 and 0.3 pg WHO-TEQ kg -1 b.w. day -1 in 6 month old babies and between < 0.01 and 0.2 pg WHO-TEQ/kg. b.w./day in 9 and 12 month old English children (FSA UK, 2004) .
One of the main difficulties when comparing and evaluating infant babies dietary exposure to these compounds is the children's different ages, body weights and food consumption data used in these estimations, which are not consistent in the published literature. Milk consumption intakes between 600 and 800 ml/day have been considered for 5-7 kg of body weight children (Focant et al. 2002; Reis et al. 2002; EFSA, 2005) . In Taiwan, PCDD/Fs dietary intake was estimated for breast and non- (Haschke and van't Hof, 2000; van't Hof et al. 2000) . In this survey, the patterns of milk and food intake in infants from birth to age 36 month were evaluated (Freeman et al. 2000; Haschke et al. 2000a) .
When estimating the dietary exposure to potential dangerous substances contained in commercial infant food we should also consider the DONALD study (Dortmund Nutritional and Anthropometrical Longitudinally Designed) . This is a longitudinal study collecting detailed data on diet, growth, development and metabolism between infancy and adulthood in Germany. As a part of this study dietary records from 3-, 6-, 9 and 12-month old infants regarding consumption of commercial infant food were evaluated (Kersting et al. 1998) .
The main goal of the present study is to estimate the dietary intake of PCDD/Fs and indicator PCBs of Spanish infant babies up to one year of age through the consumption of commercial infant formulae. In so doing we have analyzed the presence of these contaminants in a number of samples of initial, follow-on and lactose-free formulae. Thus, a congener-specific analysis of the 17 toxic PCDD/Fs congeners and the seven indicator PCBs (PCB 28, 52, 101, 118, 138, 153 and 180) has been performed. Estimated intakes have been calculated by using different scenarios of body 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 weight and food consumption data. The present study focus on the complexity of finding those suitable referential values as well as on the different estimated intake values of these pollutants depending on the scenarios considered. This survey is one of the scarce studies in which the exposure of formula-fed children to these pollutants is assessed.
Materials and Methods

Sampling collection
Samples of infant formulae were acquired from local markets, big supermarkets and pharmacies in Zaragoza (Spain) between 2004 and 2005. Trade marks were selected among the most popular in Spain. A total of 70 samples (5 different batches from the same manufacturer) was studied. Infant formulae were divided in three groups, 25 infant formula, 25 follow-on formula and 20 special lactose-free formulas. Infant formulae are those for children from 0 to 6 months of age and follow-on formulas are for infants 6 months and older. Among special formulae, lactose-free formulas are specially adapted to children with lactose intolerance. These commercial infant foods contain skimmed cow milk and mixtures of vegetable oils which are added to these products in order to reach the nutrient requirements for children at this age.
As for the sample preparation, an aggregate sample (1 kg) was made by mixing proportional pooled samples of 5 different batches from the same commercial trade.
Finally, 14 analytical samples were made up, 5 samples of infant formula, 5 samples of follow-on formula and 4 samples of special lactose-free formulas.
Analytical procedure The methodology used for PCDD/Fs analysis has been described in detail elsewhere (Lorán et al. 2007) . In brief, about 20 grams of the analytical samples were mixed with sodium sulphate anhydrous and extracted with acetone-n-hexane Chromatographic separation was achieved with a DB-5 fused-silica capillary column (60 m x 0.25 mm ID, 0.25 µm film thickness) with helium as the carrier gas at a linear velocity of 1 ml/min. As for dioxin analysis, injection was carried out in the splitless injection mode (2 µl) at a constant temperature of 300 ºC during 1.50 min with pressure pulse of 45 psi for 1.60 min. The oven temperature program was 120 ºC and held for 2 min, then to 200 ºC (held for 3 min) at 30 ºC/min, to 230 ºC (held 15 min) at 3 ºC/min and to 280 ºC (held for 12 min) at 5 ºC/min and finally to 310 ºC/min ( held for 3 min) at 10 ºC/min. PCBs injection was also made in the splitless injection mode (2 µl) at 280 ºC and with pressure pulse of 40 psi. The oven temperature program was 65 ºC and held for 2 min, then to 235 ºC (held for 10 min) at 25 ºC/min, to 310 ºC at 10 ºC/min and finally 4 minutes at 310 ºC.
The quantification of PCDD/Fs was carried out by the isotopic dilution method and methodology was validated according to EPA Method 1613 by doing an initial and ongoing precision and recovery study. Instrumental limit of detection (LOD) ranged between 0.05 ng ml -1 for tetra-chloro substituted congeners to 5.0 ng ml -1 for OCDF, depending on the specific congener. PCBs methodology was validated according to international recommendations (EC, 2002) and detection limits for the different PCB congeners were set at 0.5 ng ml -1 . In both cases, samples were analyzed in batches constituted by a calibration verification standard solution, a method blank, one spiked sample to check both the ongoing precision and recovery, along with a set of four to six analytical samples. To assess the reliability of our results we have participated in interlaboratory studies related to dioxins and PCBs (Interlaboratory Comparison on PCBs have been calculated assuming that non-detected congener concentration is equal to zero (lower bound) and equal to half the limit of detection (medium bound). In order to express the results on a lipid basis, fat lipid content was determined by the Gerber Method modified for powdered milk (Egan et al., 1981) .
Intake estimation
PCDD/Fs and indicator PCBs daily dietary exposure has been calculated multiplying the concentrations of the pollutants found in the samples analyzed by the consumed amount of infant formulae in the different considered periods during the first year of life. In order to calculate the exposure per kilogram of body weight, the estimated daily exposure has been divided by the body weight of children at those ages.
Food consumption data of children up to one year of age have been reviewed in order to measure the intake of these pollutants by Spanish infant babies. Although many nutritional recommendations and studies related with the food consumption habits of the infant babies can be found in the literature (Franch et al. 2001; Bueno et al. 2006 ) no surveys which quantify the food consumption for Spanish children at these ages have been found. Average daily milk intake has then been obtained from two main sources:
the Euro-Growth (Freeman et al. 2000) and the DONALD study (Kersting et al. 1998) .
Consequently, two different scenarios of exposure have been evaluated in this work. In the scenario 1, in order to estimate the daily exposure to PCDD/Fs and indicator PCBs we have used data from the Euro-Growth study. Is interesting to note that 25% of these data come from Spanish children. In this case, the food consumption quantities considered correspond to children who are not breast-fed and the volume of milk consumed is for the mean population (Freeman et al. 2000) . Body weight data, which has also been obtained from the Euro-Growth study (Haschke et al. 2000b) , have been given for the mean population as well as for different percentiles. Some of the extreme body weight values have been considered to estimate the exposure of the highest and lowest exposed children to these compounds, that is the 95 and 5 percentile of body weight respectively. The milk consumption quantities and body weight data used for the intake estimations carried out in the scenario 1 are shown in Table I .
For the scenario 2, food consumption quantities as described in the DONALD Study were used (Table II) . These values are given for the mean population but also for those children with different consumption patterns: minimum, maximum and percentiles 5 and 95. However, weight data of infant babies were just described for the mean population (Kersting et al. 1998 ). These P 95 and P 5 values together with the mean intake of commercial infant food were used in this case for estimating the PCDD/Fs and indicator PCBs dietary intake. formulae. The transformation of these values given in ml of milk consumed to grams of powdered infant formulae has been made taking into account the recommendations given in the information nutritional label. In addition, infants' weight data used in these estimations have been given separately for boys and girls in both studies and so we have made in our calculations.
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Results and discussion
The PCDD/Fs (pg WHO-TEQ) concentrations of initial and follow-on formulae have been reported elsewhere (Lorán et al. 2007) . Results for the sum of the 17 toxic compounds at the lower bound values are 0.09 pg WHO-TEQ g -1 fat (0.023 pg WHO-TEQ g -1 product) for the former and 0.17 pg WHO-TEQ g -1 fat (0.039 pg WHO-TEQ g -1 product) for the latest. Besides, 4 composite samples of lactose-free formulae have also been studied with lower bound values of 0.11 pg WHO-TEQ g -1 fat (0.030 pg WHO-TEQ g -1 product). When infant formulae contamination have been calculated with the medium bound values these concentrations add up to 0.30 pg WHO-TEQ g -1 fat or 0.08 pg WHO-TEQ g -1 product (initial formulae); 0.46 pg WHO-TEQ g -1 fat or 0.11 pg WHO-TEQ g -1 product (follow-on formulae) and 0.43 pg WHO-TEQ g -1 fat or 0.11 pg WHO-TEQ g -1 product (lactose-free formulae).
The contamination pattern of the three kind of infant formulae analyzed is represented in Figure 1 . The mean concentration of each PCDD/F has been expressed as pg g -1 fat and calculated as medium bound values.
"[Insert Figure 1 about here]"
The pattern in follow-on and lactose free formulae is characterized by the dominance of PCDFs while PCDDs predominate in initial formulae. For most of the samples, those congeners present in higher concentration are those with a high- TCDD. This contamination pattern is similar to that found by Hsu et al. (2007) in the analysis of infant formulae commercialized in Taiwan and also similar to the contamination pattern of soybean infant formulae analyzed by Schecter et al. (1989) . Schecter et al. (1989) also found a high percent of non detected congeners; besides, those present in higher concentrations were: OCDD > OCDF > 1,2,3,4,6,7,8-HpCDD > 1,2,3,4,6,7,8-HpCDF. Nonetheless, it is important to point out that in this work the higher concentration of those congeners with a high chlorination degree is also due to the fact that these compounds have a lower detection limit than those with less chlorine content.
The overall contamination of the infant formulae analyzed, expressed in pg WHO-TEQ g -1 fat and considering the medium bound value is shown in Table III . For comparative purposes, levels found in the analysis of similar products in other countries are also shown. Table III about here]" PCDD/Fs concentrations calculated in this work, both with the lower and medium bound values, are higher in follow-on than in lactose-free formulae; these values are also higher than those observed in the initial formulae studied. However, the differences are not significant when results are calculated with the lower bound values.
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When this contamination is expressed with the medium bound values PCDD/Fs levels in the initial formulae analyzed are significantly lower (p < 0,05) than those measured in the other two kind of samples studied. This difference has previously been found for As it can be seen in Table III, The indicator PCB concentration in the samples analyzed is summarized in Table IV . Results are presented for the seven indicator congeners; the sum of all of them is also shown both in a fat and product basis. PCB concentration is below 1 ng g -1 fat for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The most frequently detected congeners are PCB 28 and 52 (86% of the samples analyzed) have also been dominant in the three kind of samples analyzed. In fact, the average concentration of PCBs gets lower as the chlorination grade goes up from trichloro to heptachloro substituted congeners. This contamination pattern is similar to that of the soya based infant formulae analyzed in Spain by Ramos et al. (1998) , where PCB 101, 28 and 77 are the most abundant congeners followed in this case by PCB 153, 138 and 180. This profile is usually different to that observed in cow or breast milk samples where the most abundant congeners are the highest chlorinated ones (Paumgartten et al. 2000; Glynn et al. 2001 ). However, it is important to take into account that mixtures of vegetable oils are added to these skimmed-milk based products in order to meet the nutrient requirements for children at this age. Unlike to animals, plants lack the ability to metabolise the lower chlorinated congeners and usually have PCB profiles different from other food categories (EFSA, 2005) .
Assessment of dietary exposure is vital to obtain fundamental data concerning both food safety and trends in the intake of chemicals as well as to identify the sources of unusual 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 It is important to take into account that in scenario 1, the highest PCDD/Fs and indicator PCBs intakes correspond to those children with a mean food intake and lower body weight (Percentile 5) whereas those children with a mean food intake and higher body weight (Percentile 95) have the lowest intake of these contaminants. However, in scenario 2, P 5 stand for those children with the lowest food consumption (Percentile 5) and mean body weight, and so the lowest PCDD/Fs and indicator PCBs intake and P 95
represents those children with the highest food consumption (Percentile 95) and mean body weight, and so the highest pollutants intake. As it can be seen in Figures 2 and 3 , mean exposures to PCDD/Fs and indicator PCBs are higher in the first scenario than in the second one. This is due to the fact that milk consumption quantities used in the first scenario are higher than those described in the DONALD study (Kersting et al. 1998) , which is the reference used in the second situation. However, infant body weight data are very similar in the references used in both scenarios. Besides, in order to use the milk consumption quantities referred in the Euro-Growth study it was necessary to convert the values given in ml into grams of powdered infant formulae. Because of this transformation, the second scenario, where milk consumption quantities are given in grams of powdered infant formulae, is thought to provide a better estimation of these contaminant intakes. However, the highest and lowest PCDD/Fs and indicator PCBs intakes are found in the second scenario in which remarkable differences were observed between the different percentiles considered. In this case, P 95 and P 5 represent those children with a respectively higher and lower food intake than the average population but with the same body weight data. As important variations in food consumption quantities are observed between these two percentiles, so the estimated contaminant intakes also do. Though, it would be reasonable to think that the higher the food intake is, the more the body weight data increase. Since this circumstance has not been taken into account, it is possible that an underestimation (P 5) and an overestimation (P 95) of the estimated intake values have been produced when considering those extreme cases. Conversely, in the first scenario differences between the different percentiles considered are just due to the variations in the body weight which are not as significant as those mentioned for the second scenario. In all the cases girl's exposure to these compounds is higher than those observed in boys of the same age. This is only due to the fact that for the same food intake in both scenarios girls have a lower body weight than boys of the same age have. In addition, important differences are observed in these estimations when calculations are made with the lower or the medium values of the samples analyzed. These variations are higher in PCDD/Fs exposure than in those calculated for indicator PCBs. This is due to the higher L.O.D of the MS/MS methodology in relation to the HRMS methodology and the elevated percentage of non-detected congeners in the samples analyzed.
Although levels of these compounds are higher in follow-on than in infant formulae, a decrease of the estimated daily intake in the second semester of the year was observed in all cases. This is due to the lower food consumption of this kind of products in relation to the body weight as children get older. In most cases, the highest PCDD/Fs exposure for the mean population occurs in 3 month old babies while the highest indicator PCBs intake was observed in 6 month old babies. As far as we know, the introduction of complementary feeding, especially meat and dairy products, which occurs from 4-6 months, usually contributes in a higher proportion of the total dietary intake of these pollutants in children at these ages (Sasamoto et al. 2006; Weijs et al. 2006 ). This is why the decline with age observed in these intake estimations would not occur in a total diet study.
When children are fed with lactose-free formulae, an increase in PCDD/Fs and indicator PCBs exposure was observed particularly for 3 month old infants (Figure 4 ). Nonetheless, PCDD/Fs intakes by breast-fed infants, which usually have a higher exposure to these pollutants than non breast-fed children, habitually exceed the tolerable daily intake values. This can be seen in the results reported in previous works with exposure levels of 13 pg WHO-TEQ kg -1 b.w. day -1 (Hsu et al. 2007 ), 51 pg WHO-TEQ kg -1 b.w. day -1 (Reis et al. 2002) (Baars et al. 2001) . We should consider that since this Maximum Permissible Risk level (MPR) was estimated on the basis of an experiment with a commercial PCB mixture it has to be appreciated as provisional and limited in its applicability (Bakker et al. 2003) . As far as we know, there are no studies estimating indicator PCBs exposure for children at this age fed with commercial infant formulae but, in any case, these exposures are expected to be similar to our results and lower than those observed in breast fed children.
The fact that the highest PCDD/Fs and PCBs human exposure occurs in infants via breast-feeding has been indicated by several authors (Guan et al. 2006; Szyrwińska and Lulek, 2007) who think this fact is due to the elevated concentrations of these compounds in breast milk together with the higher food consumption in relation to body weight. As a consequence and due to the dioxins and PCBs bioaccumulation capability the accumulated doses of these contaminants are also higher in breast fed children. Patandin et al. (1999) found that breast feeding during a period of six months increases the PCDD/Fs and PCBs TEQ body burden by 12% in boys and 14% in girls until the age of 25 years. However, evidence for the health advantages of breastfeeding and recommendations for practice have continued to increase over the past decades. Breast feeding provides all the energy and nutrients that the infant needs for the first months of life, promotes sensory and cognitive development, protects the infant against infectious and chronic diseases and reduces infant mortality due to common childhood illnesses (León-Cava et al. 2002; Horta et al. 2007) . Consequently, despite the presence of PCDD/Fs and PCBs in breast milk and the risk those contaminants pose to the nursing infant WHO supports and encourages breast-feeding due to their demonstrated benefits. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 low and similar to those found in the analysis of this kind of food in other countries, but yet they are lower than the levels found in breast-milk samples. Moreover, PCDD/Fs content is in all cases below the maximum limits established for the EU for the presence of these contaminants in dairy products. Estimated mean daily intake of PCDD/Fs and indicator PCBs as calculated in this work shows that exposure to these contaminants through the consumption of infant formulae is also low and below the tolerable daily intake values for the exposure to these contaminants. Although consumption of infant formulae is not supposed to be a risk due to the low levels of these contaminants found in this study, Health Departments, WHO and FSA encourage breastfeeding for the overall health and development of the infant on the basis of the convincing evidence.
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